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HYDROGEN FUELED 
ELECTRICAL GENERATOR 
SYSTEM AND METHOD THEREOF 

Background of Invention 

[0001] This disclosure relates generally to the generation of electricity at facilities storing 
liquid hydrogen, and especially relates to the use of boiled off waste hydrogen gas as 
a fuel to generate electricity. 

[0002] Hydrogen has many uses in industrial and energy applications. In many 

applications, it is desired to store hydrogen in its liquid form to minimize the amount 
of space required for storage tanks. Since liquid hydrogen is a cryogenic fluid, having 
a boiling point below 259 ° C, even when stored in vacuum-jacketed tanks, the 
hydrogen will evaporate, or "boil-off at a fairly constant rate. 

[0003] Standard liquid hydrogen tanks are fitted with pressure-relief valves which 

maintain gas pressure from the boil-off below a predetermined safe working level of 
the tank. Once this pressure is reached, the valve opens and vents the hydrogen gas 
to the atmosphere. By allowing the hydrogen gas to vent to the atmosphere, a 
considerable amount of energy, both chemical and kinetic, are lost. 

[0004] It is estimated that a well maintained liquid hydrogen storage tank losses 

approximately 1% of its liquid hydrogen capacity each day due to boil-off hydrogen 
gas. For a 1 5,000 gallon tank, this translates to 1 7,000 standard cubic feet (scf) of 
hydrogen gas per day which is the energy equivalent to nearly 45 gallons of gasoline. 

[0005] Several concepts have been proposed to recover the boil-off gas by recirculation 
of the gas into the liquification processing plant to convert the gas back into a liquid 
phase. While still others have suggested using the boil-off gas as a fuel for use with 
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hydrogen powered vehicles. Both of these ideas have some merit, but also suffer from 
substantial drawbacks due to the limited number of locations where these concepts 
would be applied. Reliquification would only be feasible for gas recovered at the 
processing plant. Often, however, the liquid hydrogen is stored remotely from the 
processing plant, such as at distant industrial gas depot closer to the end-users. In 
these cases it would be impractical at best to return recovered gas to the liquification 
facility. 

[0006] Using recovered hydrogen gas to power vehicles would seem like an excellent use 
for a product that would otherwise be disposed. However, at the present time, and for 
the foreseeable future, there are only a small number of these vehicles available. This 
combined with the fact that industrial gas depots tend to be located in industrial areas 
making it inconvenient for the owners of these vehicles to refill their vehicles. 
Furthermore, the hydrogen gas would need additional compression storage 
equipment to make it usable as fast fill fueling station for vehicles. These additional 
equipment requirements would add to the cost and further reduce the benefits of 
using the waste gas. 

[0007] What is needed in the art is a system for recapturing some of the energy lost 

during the storage of liquid hydrogen and transforming the energy into a useful form 
for use by the storage facility. 

Summary of Invention 

[0008] Disclosed herein are electrical generation systems for use at liquid hydrogen 
storage facilities and methods for use thereof. An exemplary embodiment of the 
electrical generation system comprises: a liquid hydrogen storage tank with a valve. A 
hydrogen conversion device fluidly connected to the valve, and an electrical generator 
coupled to the hydrogen conversion device to create the electricity.. 

[0009] Another embodiment of the electrical generation system comprises: a liquid 
hydrogen storage tank having a pressure relief valve. An expansion engine is 
connected to the pressure relief valve with a hydrogen conversion device fluidly 
connected to the pressure relief valve. An electrical generator coupled to the hydrogen 
conversion device creates the electricity. 
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[0010] One embodiment for operating an electrical generation system for use with liquid 
hydrogen storage facilities comprises: storing liquid hydrogen in a storage tank, 
capturing boiled off hydrogen gas from the storage tank, storing the hydrogen gas, 
fueling a hydrogen conversion device with the hydrogen gas and, generating 
electricity with the hydrogen conversion device. 

[001 1] An alternate embodiment a system for operating a pump system comprises: a 
liquid hydrogen storage tank fluidly connected to a hydrogen conversion device. At 
least one pump is connected to the hydrogen conversion device such that the pump is 
operated and driven by the hydrogen conversion device. 

[001 2] The above discussed and other features will be appreciated and understood by 
those skilled in the art from the following detailed description and drawings. 

Brief Description of Drawings 

[001 3] Referring now to the drawings, which are meant to be exemplary and not limiting, 
and wherein like elements are numbered alike: 

[0014] Figure 1 is a schematic diagram illustrating a system for generating electricity at a 
liquid hydrogen storage facility; and, 

[001 5] Figure 2 is a schematic diagram illustrating an alternate embodiment of a system 
for generating electricity at a liquid hydrogen storage facility. 

Detailed Description 

[001 6] Hydrogen gas is a versatile material having many uses in industrial and energy 
applications ranging from the production of ammonia, to powering vehicles being 
propelled into space. Hydrogen can be stored either as a gas or a liquid. When stored 
as a gas, the hydrogen is typically compressed to minimize the size of the storage 
tanks required. When large amounts of hydrogen are required for an application, it is 
not uncommon for the hydrogen to be stored in its liquid form since, due to its higher 
density, a given storage tank can hold multiple times the amount of liquid hydrogen 
than an equivalent amount in compressed hydrogen. 

[0017] 

The process for liquefying hydrogen is an energy intensive operation. The process 
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involves cooling the gaseous hydrogen to below its boiling point at 259.2 0 C. After 
liquification, the hydrogen must be stored in special vacuum jacketed tanks to 
minimize boil-off of the hydrogen. To minimize the buildup of boiled gas, a pressure 
relief valve to connected to the tank to allow venting of the hydrogen. 

[001 8] Since liquid hydrogen production and storage operations need to have many 

pumps and ancillary devices, a reliable electrical power system must be provided. It 
can be appreciated that the unexpected loss of power in such a facility can result in a 
large economic loss due to the loss of hydrogen. A system 1 0 for providing electricity 
to a liquid hydrogen storage facility is shown in Figure 1 . 

[001 9] A hydrogen production process 1 2 creates hydrogen from any number of methods 
known in the prior art, these processes include, but are not limited to: steam methane 
reformation, coal gasification, partial oxidation of hydrocarbons, biomass gasification, 
electrolysis and photobiological methods. The gaseous hydrogen is converted into 
liquid form and moved by a pump 1 4 to a liquid hydrogen storage vessel 1 6. It should 
be appreciated by those skilled in the art that while the storage tank 1 6 is illustrated 
as a single tank for purpose of example, any number of tanks or configurations of 
tanks may utilized depending on the size of the facility. Additional, ancillary 
equipment such as distribution manifolds, pumps and control equipment well known 
to those skilled in the art may also be utilized, but for the purpose of clarity are not 
illustrated. 

[0020] After the liquid hydrogen is stored in the tank 16, it can then be removed by 

additional valves 1 8 and pumps 20 for use in a manufacturing process, or into a tube 
trailer 22 for delivery to another site. 

[0021] A re |j e f va | ve 24 is connected to the tank 1 6 and sized to allow boil-off hydrogen 
gas to be vented from the tank at a predetermined pressure. Once the gas leaves the 
valve 24, it enters a buffer tank 26 which temporarily stores the hydrogen gas until it 
% is used by the hydrogen conversion device 28 to operate an electric generator 38 
which creates electricity for use by the facility. While the invention contemplated 
herein is intended to use all the boiled off gas with the buffer tank being sized 
appropriately for the application, there may be environmental or other conditions that 
exist that would cause excess hydrogen gas to be generated. To prevent over- 
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pressurization, additional pressure relief valves 34 may be coupled to the buffer tank 
26 to vent the excess gas to the atmosphere. 

[0022] Electricity from the hydrogen conversion device 28 will typically be conditioned by 
a power conditioner 30 prior to being used on the electrical grid 32. Switches 36 may 
also be incorporated to connect and disconnect the generated power from the grid. It 
should be appreciated that the system 1 0 could also be used as a traditional backup 
for primary power. By sizing the buffer tank appropriately, a volume of hydrogen gas 
can be stored in reserve in the event power fails. The reserved hydrogen in the buffer 
tank would then be consumed until primary power returns. This may be especially 
advantageous for small production facilities that may not produce enough boil-off gas 
to continuously operate a hydrogen conversion device 28. 

[0023] For purposes herein, the term hydrogen conversion device 28 refers to any device 
which converts hydrogen gas into mechanical energy. Examples of hydrogen 
conversion devices include, but are not limited to, internal combustion engines, gas 
turbine engines, expansion engines, and Stirling engines. Each of these devices uses a 
different means for converting the hydrogen into mechanical energy. The internal 
combustion engine uses the hydrogen gas as a fuel to burn inside a cylinder. The 
expanding gases drive a piston to create rotational motion about a crankshaft. In the 
event that a given facility does not produce enough hydrogen fuel to continuously 
operate an internal combustion, gas turbine, or Stirling engine, the hydrogen gas can 
be mixed with other petroleum based fuels such as natural gas, propane or diesel 
fuels prior to combustion. By utilizing a mixture of up to 30% hydrogen as fuel, 
pollution emissions produced by the engine can be greatly reduced. 

[0024] A Stirling engine, however, is a closed-cycle, regenerative heat engine which uses 
the hydrogen as a fuel in an external combustion process. The engine, through the 
use of heat exchangers, pistons, a 'regenerator' and a gaseous working fluid 
contained within the engine work to convert heat to mechanical energy. Stirling 
engines, while being generally more complex than the internal combustion engine are 
more efficient, and generally produce lower amounts of pollution. 

[0025] An expansion-engine, or turboexpander as it is sometimes called, does not burn 
the hydrogen as a fuel. Instead, the expansion engine incorporates a turbine that acts 
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against the pressurized gas. As the pressure of the hydrogen gas is lowered, the gas 
expands and releases kinetic energy. This kinetic energy is captured by the turbine to 
create rotational mechanical energy. As will be described in more detail herein, since 
the hydrogen gas is not burned, the expansion engine can be used in conjunction to 
other types of energy to allow maximum extraction of energy from the boil-off gas. 

[0026] To create electricity, the hydrogen conversion devices generally translate the 

mechanical energy into rotational motion that is used to drive an electrical generator 
38. Other types of generators which use electrochemical processes! such as a fuel cell 
can also be used in this system to create electricity directly. 

[0027] In addition to generating electricity, some of the hydrogen conversion devices, 
such as the internal combustion engine and the sterling engine create waste heat in 
their exhaust 40. When combined with a heat exchanger 42, the waste heat can be 
captured and used by the facility 1 0 for other purposes, such as hot water, heating or 
for other industrial processes. 

[0028] An alternate embodiment of this system is shown in Figure 2. In this embodiment, 
an expansion engine 44 is connected in the hydrogen gas flow before the hydrogen 
conversion device. Since most hydrogen conversion devices do not require 
pressurized hydrogen, the expansion engine 44 can be utilized to extract energy from 
the hydrogen gas while reducing the pressure. The energy extracted from the 
expansion engine can be used to drive a generator 38 as described herein above, or to 
drive ancillary loads such as a turbocharger on the internal combustion engine 
generator 28. 

[0029] | n 0 p era tion, medium volume production hydrogen liquification plants create 

hydrogen at a rate of 250 to 5000 Ib/hr, which is stored in vacuum jacketed tanks 1 6. 
As described herein above, boiled off hydrogen gas from the tank 1 6 exits through 
relief valve 24. Depending on the size of the tank and environmental conditions, the 
rate that the gas leaves the tank between 2 standard cubic feet per hour (scf/hr) and 
4000 scf/hr. For an internal combustion engine capable of generating between 1 kW 
and 1 OkW of electricity, the preferred rate of hydrogen would be 40 scf/hr to 400 
sch/hr. The preferred rate of hydrogen for a 5kW internal combustion engine genset 
being generally 200 scf/hr. Thus, a hydrogen storage facility having a boil-off rate of 
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4000 scf/hr, would be able to continually operate 20 5kW generators to produce 100 
kW of electricity. It can be appreciated that large hydrogen storage facilities may be 
able to produce more electricity than it needs and the facility may be able to sell any 
excess electricity back to the utility thus providing power to the main electrical grid or 
to a backup power system. 

[0030] Bulk hydrogen production facilities require numerous pumps to move both 

hydrogen and precursor materials during processing. In an alternate embodiment, the 
rotational energy created by either the internal combustion engine, gas turbine, 
sterling engine or expansion engine could be used to directly operate the pumps. This 
embodiment provides the added advantage of eliminating the electric generator and 
the pump motor, simplifying the system and increasing reliability. 

[0031] While Figures 1 - 2 show a hydrogen production facility, this is for example 
purposes only, and is not meant to be limiting. This system 1 0 would be equally 
applicable to a facility that acts only as depot receiving periodic supplies of liquid 
hydrogen from the liquification facility. Application of this system to depots, or other 
facilities remote from the liquification process are considered to be within the scope 
of this invention. 

[0032] While preferred embodiments have been shown and described, various 

modifications and substitutions may be made thereto without departing from the 
spirit and scope of the invention. Accordingly, it is to be understood that the present 
invention has been described byway of illustrations and not limitation. 
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